信号の多重化方式変換における複数の光信号処理の一括動作 by ZHANG YINGYI
??29??????
?
??????????????
?????????????
?????? ????????
?? ??????????
???? 1631093
?? ZHANG YINGYI
???? ??????
????? ???????
?? 30? 1? 29?
??
????????????????????????????????????????
????????????????????????????????????????
?????????????? (WDM: Wavelength Division Multiplexing)???????
? (OTDM: Optical Time Division Multiplexing)???????????? [1]??????
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1.1 ??????
???????????????????????????????????????
????????????????????????????????????????
??????????1970???????????????????????????
????????????????????????????????? ICT????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????? [1]???????????????
1.1?? (a)???????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????
光送信器 光受信器再生中継器
電気- 光変換
E- 
識別再生
O/E -> E/O
(a)
光送信器
電気->光変換
E->O
光受信器
(b)
? 1.1: ?? (a)??? (b)?????????????????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????? (WDM)
???????? (OTDM)???????????????????????????
????????????????????????????????????????
???????????????????????????????????????
1
??????????WDM??????? OTDM????????????????
?????????????????????????WDM????????? NRZ
??OTDM????????? RZ??????????????WDM???????
OTDM????????????????????????????????????
???????????????????????????????????
1.2 ?????????????
??????????WDM-to-OTDM??????????????????????
????????OTDM?????????????????????WDM-to-OTDM
???????????????????RZ??????WDM-to-OTDM?????
?? [2][3][4]??????NRZ??????WDM-to-OTDM???????????
???????NRZ?????????????????WDM?? NRZ??????
???????????NRZ??????????????????????????
????????????????????????OTDM?????????????
WDM-to-OTDM????????NRZ-to-RZ????????????????????
??NRZ???????????????????????? 2???????????
?????????? [5]? 2???????????????? [6]????????
????????????????????????????????????????
??NRZ????????????????????????????????????
?????????????
???????????????????????????????????????
????????????????????????????????????????
??????????OTDM???????????????????????????
????????????????????????????????????????
???????????????????????????????
2
?2? OOK??????????????
??????
2.1 ????
???????????????????????????????????????
??????????????????ON/OFF??????????????????
? (OOK)?????????? 2.1?????????????OOK????????
????????? 1,??????????????????????????????
????????????????????????????????????????
???????????????????????????????????????
時間
強度
情報 0 0 0 01 1 1
? 2.1: OOK?????????
?????? NRZ-OOK???? RZ-OOK??????? 2.2???????NRZ?
????? 1???????????? 0?????????????????????
??????RZ?????? 1???????????? 0?????????????
?????????????OTDM????????RZ??????????????
?????????????WDM??????????????????? NRZ??
??????????????????????????WDM-to-OTDM??????
NRZ-to-RZ????????????
3
時間
NRZ
情報 0 0 01 1 1 1
RZ
? 2.2: NRZ? RZ???????
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2.2 ?????
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????????????????????? (TDM: Time Division
Multiplexing)??????????????? OTDM???????????????
?????????????????????????????????????
?????? (WDM)?????? 2.3?? (a)?????????? (OTDM)???
??? 2.3?? (b)???????????????OTDM???WDM???????
?????? 2.3?? (c)????
光信号1
光信号2
光信号3
光信号1
光信号2
光信号3
光信号
1
光信号2
光信号3
光信号
1
光信号2
光信号3
(a)波長分割多重
(b)光時分割多重
光信号
1
光信号2
光信号3
光信号
1
光信号2
光信号3
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? 2.3: ??????????????? OTDM???WDM?????????
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?????? (WDM)?????????????????????????????
????????????????????? [7]????WDM??????????
????????????????????????????????????????
??????????? 2.3? (a)???????WDM???????????????
????????????????????????????????????????
????????????????????????WDM?????????????
????????????????????????????????????????
???????????? [1]??????????????????????????
????????????????????????????????????????
????????
WDM?????OTDM????????????????????????????
????????????????????????????????????????
????????????????????? 2.3(b)????????????????
????????????????????????????????????????
??????????????????????????OTDM???????????
???????????????
?????????????????????????? 1.28Tb/s?70km?OTDM?
??????????? [8]???????????????WDM??????????
3Tb/s?????????????? [9]??????????????????????
??????? 10? Tb/s????????????????????????????
??????????????????????????????????OTDM???
WDM???????????????????? OTDM?????????????
???????
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2.3 ?????
????????????????????????? [10]????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????? (SPM: Self Phase
Modulation)??????? (XPM: Cross Phase Modulation)?????? (FWM: Four Wave
Mixing)?????????????????????????????????????
????????? [10]?????????????????????????????
????????????????? [10]?????????????????????
????????????????????????????????????????
???????????????????????????????? [10]??????
???????????????????????????????????? (signal)?
???????? (pump)??????????????? (idler)??????? 2.4??
???????????? 2.4??? (a)?????????? (b)??????????
??????
ff f fsignal pump idler ff f fsignal pump1 idlerfpump2
(a)縮退四光波混合 (b)非縮退四光波混合
? 2.4: ??????????????????
?????????????????????? (DFWM:Degenerated Four-waveMixing)
????????????????????????????????????????
????????????????????????????????? fsignal?fpump
?fidler???????????????????????????????
fidler = 2fpump   fsignal (2.1)
?????????????????????????????????? fsignal?fpump1
?fpump2?fidler???????????????????????????????
fidler = fpump1 + fpump2   fsignal (2.2)
??????????????????????????????? fi?fj?fk????
????????????????????????????????????????
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??????????????????
fijk = fi? fj? fk (2.3)
???????????????????????? [11]?
N = (M2(M   1))=2 (2.4)
??? N????????????????M???????????????? (2.4)
???????????????????????????????WDM??????
???????????? 2.1????????? [1]????????WDM????
???C???? L??????????????????? 0.8nm?????????
?????
? 2.1: ??????????
?? ??
O??? 1260nm-1360nm
E??? 1360nm-1460nm
S??? 1460nm-1530nm
C??? 1530nm-1565nm
L??? 1565nm-1625nm
U??? 1625nm-1675nm
????????????????C??????????????????????
??????WDM-to-OTDM??????????????????????????
????????WDM-to-Multi-OTDM??????
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???????????????????????????????????????
?????????????????????????
(a)-????????????????????
f
f f fsignalN pump idlerNfsignal1 ....
.... Δf Δf
Δf1
....
....
f idler1
Δf1
pump
? 2.5: ???????????????
???????????????????????????????????????
????? 2.5???????????????????????f????????
?????f1?????????????????????????????????
??????? fsignal1::::::fsignalN?fpump?fidler1::::::fidlerN ?????????????
??????????? (2.5)??(2.6)??(2.7)?????? [12]?
N = 1??
fidler1 = 2fpump   fsignal1 (2.5)
N > 1??
fidlerN = 2fpump   fsignalN (2.6)
??????????? = fpump +f + (N   1) + f1 (2.7)
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????? [1]?
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(b)-????????????????????
f
fpump1
fsignal fidler1
pump2pump1 pumpN-1 pumpN
.....
fpump2 fpumpN-1 fpumpN
fidler2 fidler3 fidler2N-4 fidler2N-3 fidler2N-2 fidler2N-1
signal
Δf Δf Δf Δf Δf Δf Δf Δf
? 2.6: ????????????????
? 2.6?????????????????????????????????????
?????????????????????????????????????????
?????????????????? fpump1??fpumpN ; fsignal; fidler1??fidler(2N 1)
???????????????????????? (2.8)??(2.9)??(2.10)????
?? [12]?
N=1??
fidler1 = 2fpump1   fsignal (2.8)
N>=2??
fidler(2N 2) = fpumpN   fpump1 + fsignal (2.9)
fidler(2N 2) = fpumpN + fpump1   fsignal (2.10)
???N????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????? (SOA)????????? (XGM)???????????????
?????????????SOA????????????????????SOA??
?????? (XPM)????????? [13]??SOA???????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????
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2.4 ???????????????????????
2.4.1NRZ-OOK????????????WDM-to-OTDM
???????
? 2.7??????????NRZ/RZ???????????NRZ??????????
???????WDM??NRZ???????????????NRZ??????????
????????????OTDM??????????????????WDM-to-OTDM
????????NRZ???? RZ?????????????????
clock信号
NRZ信号
ファイバ
t
t
f
idler
周波数
RZ信号
t
四光波混合
波形変換
フィルタリング
ff1 f0
入射光
周波数
f1
f0
f1 f0 f1'
周波数 f1'
? 2.7: ?????????????
? 2.7?????????? f1?????NRZ?????? f0????? RZ???
????????????????????????????? f 01?????????
????????????????????????????????????????
??????????????????????????????????? NRZ??
?RZ????????????????????????????????????RZ
?????????????NRZ???? RZ???????????????
??????????????????????2.2?????????WDM???
??????????????????????????????OTDM???????
?????????????????????????????OTDM???????
???????????WDM??????????????????????????
??WDM-to-OTDM??????????????????????????????
????????????????????????????????????????
??? [1]???????????????????????????????????
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????????????????????????????????????????
??WDM-to-OTDM?????????? 2.8????
f
RZ-CLOCK1
NRZ-OOK1
ZDW
RZ-CLOCK2
NRZ-OOK2
 
f f
f
f f1 2 3 4
? 2.8: ?????????WDM-to-OTDM?????
2?????? (NRZ-OOK)? 2??????? (RZ-CLOCK)???????????
??NRZ-OOK1? RZ-CLOCK1?NRZ-OOK2? RZ-CLOCK????????????
????????????????????????????????????????
????? (2.11)?(2.12)?????????????????????????????
??????????????????????????
fZDW? = 2f2   f1 (2.11)
fZDW? = 2f3   f4 (2.12)
? (2.11)???????????? NRZ-OOK1???????????? (2.12)??
?????????? NRZ-OOK2????????????????????? 2??
??????????????????????????????fZDW???????
??WDM-to-OTDM?????????
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DEMUX
NRZ-OOK1
NRZ-OOK2
RZ-CLOCK2
RZ-CLOCK1
NRZ-OOK1
RZ-CLOCK2
NRZ-OOK2
 
RZ-CLOCK1
500mHNLF
waveform conversion &
WDM-to-OTDM conversion
OTDM
NRZ-OOK1
RZ-CLOCK2
NRZ-OOK2
 
RZ-CLOCK1
OTDM
input signals
NZ-OOK1
RZ-OOK2
 
D
E
M
U
X
t t
t
t
t
output signals
? 2.9: NRZ-OOK????????????WDM-to-OTDM????????????
?
??????????NRZ-OOK????????????WDM-to-OTDM????
????????? 2.9????? 2.9?? (a)?????????????????(b)
????????????????????????????(c)??????OTDM?
??????????????????2?????WDM????? 2???????
???????????????????????????NRZ-OOK1? RZ-CLOCK1?
NRZ-OOK2? RZ-CLOCK2???????????????????????????
????????????????????????????????????????
OTDM??????OTDM???????????????????????????
????????????????????????????????????????
?????WDM-to-OTDM??????????????????
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2.4.2NRZ-OOK????????????WDM-to-Multi-
OTDM???????
????????????????????????????????????????
????????WDM??OTDM?????????????WDM??OTDM???
?????????????????????????????????????????
???????????????????????????OTDM???WDM?????
??????????????????????????????????????? 2.10
?????????????NRZ-OOK????????????WDM-to-Multi-OTDM
??????????
? 2.10: NRZ-OOK????????????WDM-to-Multi-OTDM??????
WDM-to-Multi-OTDM????????NRZ-OOK1?NRZ-OOK2?RZ-CLOCK1?CLOCK2
?????????????????????? 2.10?????????? f2????
?????? f3???????????? f8?????????? f6????????
?????????????????????????????????????? (f4)
??????OTDM1???????????? f2?????????? f3???? f6
???????????? f8?????????? f3???? f6??????????
????????????????????????????????????? (f5)?
?????OTDM2??????OTDM1???OTDM2???????????????
Multi-OTDM??????????? (2.1)?? (2.2)????????????????
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????????????????
f4? = 2f3   f2 (2.13)
f4? = 2f6   f8 (2.14)
f5 = f6 + f2   f3 (2.15)
f5 = f3 + f8   f6 (2.16)
??? f1???????????? f3??? f6??? f8?????????????
???????????????????? f7???????????? f3??? f6?
?? f2????????????????????????????????????
???? f3????? f6?????????????????????? f5????
?????????????????????? f5??? OTDM??????? f4?
?? OTDM?????????????????
RZ-CLOCK1
NRZ-OOK2
NRZ-OOK1
500mHNLF
waveform conversion &
WDM-to-OTDM conversion
OTDM1
input signals
t
output signals
OTDM2
t
RZ-OOK1 RZ-OOK2
RZ-OOK1 RZ-OOK2
NRZ-OOK1
RZ-CLOCK2
NRZ-OOK2
 
RZ-CLOCK1
t
NRZ-OOK1
RZ-CLOCK2
NRZ-OOK2
 
RZ-CLOCK1
OTDM1 t
遅延線を回す
NRZ-OOK1
RZ-CLOCK2
NRZ-OOK2
 
RZ-CLOCK1
OTDM2
t
遅延線を回す
RZ-CLOCK2
RZ-CLOCK1
OTDM1 OTDM2
RZ-CLOCK2
? 2.11: RZ-OOK??????WDM-to-multi-OTDM?????????????
????????????WDM-to-Multi-OTDM??????????????? 2.11
????2?????WDM??? (NRZ-OOK)?? 2???????????????
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????????????????????????????????????????
????????????????Multi-OTDM??????
2.4.3??????????RZ-CLOCK??CW?
NRZ-OOK
t
CW
t


p
s
t
RZ-CLOCK
t


p
s NRZ-OOK
NRZ-OOK
t

a
t
RZ-OOK

a
CW
RZ-CLOCK
入力信号 変換後の信号 アプリケーション
・波長変換
・光位相共役(optical 
   phase conjugation)
・多重分離
・波形・波長変換
・
励起光
サンプリング
? 2.12: ??????? CW?? RZ-CLOCK
????????????????????????? (CW)??????? (RZ-CLOCK)
??????????????????????????????? RZ-CLOCK???
??????????????????????????????? 2.12??????
?????????????????? FWM??????????????????
?p???? (NRZ-OOK)????s???????????????????????
?????????????NRZ-OOK??????????????????????
????????????????????????????????????????
?????????????????????????????p???? (NRZ-OOK)
????s???????????????????????????????????
RZ-OOK????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???
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2.5 ?????????????
WDM-to-OTDM??????????OTDM???????????????????
????????????????????? OTDM????????? 320m???
??????????????????????????????OTDM???????
????????? 2.13????????????????????? RZ-CLOCK??
???????????
DEMUX
RZ-CLOCK
320mHNLF
OTDM
input signals
NZ-OOK1
RZ-OOK2
 
D
E
M
U
X
t
t
t
output signals
OTDM
RZ-CLOCK
RZ-CLOCK
DL 
DL
RZ-CLOCK
OTDM
RZ-CLOCK
OTDM
NZ-OOK1
RZ-OOK2
 
f
f
(a)
(b)
(c)
(d)
? 2.13: ?????????????????
OTDM??????????????????????HNLF??????????
????????????????????????????????????????
??????????????? 2.13? (a)????????? 2.13? (b)????? 2.13
? (a)?????RZ-CLOCK???????????????????????????
?????????????????????????????
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2.6 ??????
???????????????????????????????????????
????????????????????????????????????????
??OTDM??????????????????????OTDM?????????
????????????????????????????? (EML: Electro-absorption
Modulator integrated Laser diode)?LiNb03????? (LNM)????????????
????????????????????????????????????????
????????????????????????????????????????
2.14??????????????????????????????????????
??LNM??????????HNLF???????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????
LNM
HNLF SMFinput pulse output pulse
1
2 3 4
1
2
3
4
t
t
t
t
? 2.14: ?????????
???????????????????????????????????????
???? [12]??????????????? (DSF: Dispersion shifter fiber)??????
?????? (TFRL: Wavelengh tunable Raman laser)????????????????
????????????????????????????????????????
???????????????????????Mamyshev??? [14]???????
????????????????????????????????????????
????????????? [15]?????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????
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?3? NRZ-OOK????????????
WDM-to-OTDM????????
??
?
3.1 ??????????????????
NRZ-OOK?????????????WDM-to-OTDM??????????????
????????????????????????????????????????
????????????????????????????????????????
????? 3.1???????????
? 3.1: ????????
NRZ-OOK1 NRZ-OOK2 RZ-CLOCK1 RZ-CLOCK2
1546.12nm 1558.92nm 1549.32nm 1555.72nm
? 3.1? NRZ-OOK??????????????????????????????
210Gbps?NRZ-OOK??????? 10Gbps?PRBS231 1??????LNM(LiNbC3
????)???????????????????????????????????
?????????AWG????????????????????????????
????????????????????????
LN???????? 2???RZ?????????????????????????
NRZ-OOK??????????????????????????????? 9.4dBm?
????????? 3.6dBm??????????????????????????
?????? 23dBm????????? 500???????????????????
?????????????????????????????????AWG????
?????????????????????NRZ-OOK??????????????
????????????????????????????????????????
?????? RZ????????????????????????????????
? 10dBm?????????? 4dBm?????????????????????
??????????? 23dBm????????? 320???????????????
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????????????????????????????????????????
?????????????????????????????????????
? 3.1: NRZ-OOK?????????????????????????????
??????? 2??? NRZ-OOK??????????????? 3.2?3.3????
?????????????????????????????2??? RZ?????
??????????????????????????????????? RZ???
????????? 3.4????500m??????????????????????
? 3.5?????????? 500m??????????????????????? 3.6
????????????????????????????????????OTDM?
?????????????????????????????????? 3.7????
OTDM?????????????? 320?????????????????????
????????????? 3.8????? 3.9??????????????????
?????????????? 3.10?? OTDM????????? CH1?? CH2??
????????????????????????????????
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 1540  1543  1546  1549  1552  1555
po
we
r (
10
dB
/di
v)
Wavelength (nm)
(a)NRZ-OOK1??????
20ps/div
(b)NRZ-OOK1????
? 3.2: ?? 1546.12nm????????????????
 1545  1548  1551  1554  1557  1560
po
we
r (
10
dB
/di
v)
Wavelength (nm)
(a)NRZ-OOK2??????
20ps/div
(b)NRZ-OOK2????
? 3.3: ?? 1558.92nm????????????????
 1545  1548  1551  1554  1557  1560
po
we
r (
10
dB
/di
v)
Wavelength (nm)
(a)???? RZ-CLOCK??????
RZ-CLOCK1
RZ-CLOCK2
20ps/div
(b)???? RZ-CLOCK????
? 3.4: ????????????????????
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 1545  1548  1551  1554  1557  1560
po
we
r (
10
dB
/di
v)
Wavelength (nm)
? 3.5: 500m??????????????????????
1545 1548 1551 1554 1557 1560
p
o
w
e
r 
(1
0
d
B
/d
iv
)
Wavelength (nm)
OTDM信号NRZ-OOK1 NRZ-OOK2
CLOCK1 CLOCK2
? 3.6: 500m??????????????????????
 1545  1548  1551  1554  1557  1560
po
we
r (
10
dB
/di
v)
Wavelength (nm)
(a)?????
CH1
20ps/div
CH2
(b)???
? 3.7: ????? OTDM?????????????
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1545 1548 1551 1554 1557 1560
p
o
w
e
r 
(1
0
d
B
/d
iv
)
Wavelength (nm)
OTDM
 
pump
idler
? 3.8: ?????????????????
 1545  1548  1551  1554  1557  1560
po
we
r (
10
dB
/di
v)
Wavelength (nm)
? 3.9: ????????????????
50ps/div
(a)???? CH1???
50ps/div
(b)???? CH2???
? 3.10: DL??????????? 2????????
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 4
 5
 6
 7
 8
 9
 10
-22 -21 -20 -19 -18 -17 -16
-
lo
g(B
ER
)
Received Power [dBm]
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? 3.11: ???????
???????????????????????? 3.11????????????
????????????????????????????????????????
?????? 10GbpsRZ-OOK??????????????????????????
????????????????????????????????????????
???? 1????BER=10 9??????????? 1dB???????? 2????
????????? 1.3dB?????NRZ-to-RZ????WDM-to-OTDM??????
??????????????????????RZ-OTDM?????????????
?????????????????????OTDM????????????????
????????????????????????????????????????
??WDM-to-OTDM?????????? OTDM????????????????
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3.2 ?????????????????
OTDM??RZ????????????OTDM?????????????????
???????????????????????????OTDM???????RZ?
??????????????????????????????????????NRZ-
OOK?????????????? RZ-OOK???????????????????
????????????????????????????????????????
??????????????????26.4ps???????????????????
??????????????????
? 2? 2.6????????????????????LN??????? 500m?HNLF
? 4km??????????????????HNLF????????????????
(EDFA)???? 22dBm?? 25dBm???????????????????????
?? 3.1????????????????????????????????????
EDFA??????????????2??????????????????????
?????????????? 3.13??? 3.14??????????? 3.15????
LNM
HNLF SMF
パルス圧縮
R 
L L変調器  L	

S
	


R 
? 3.12: ?????????????
? 3.2: ??????????? [ps]
EDFA?? [dBm] ?????????? [ps] ?????????? [ps]
22 15.40? 15.49
23 13.14 12.91
24 10.93 10.83
25 8.99 8.97
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? 3.14: (a)EDFA=22dBm?(b)EDFA=23dBm?(c)EDFA=24dBm?(d)EDFA=25dBm???
??? 1555.72nm???????????
 1545  1548  1551  1554  1557  1560
po
we
r (
10
dB
/di
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(a)EDFA=22dBm
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(b)EDFA=23dBm
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(c)EDFA=24dBm
 1545  1548  1551  1554  1557  1560
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(d)EDFA=25dBm
? 3.15: (a)EDFA=22dBm?(b)EDFA=23dBm?(c)EDFA=24dBm?(d)EDFA=25dBm???
????????????????
? 3.2?????EDFA??????? 25dBm??????????????????
????? 8.99ps?8.97ps?????????EDFA???? 1dBm?????????
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???????????????????????? 2ps??????????????
??? 3.13?? 3.14?????????? 3.15??????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????? 3.2??????
??????????????????????????
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3.2.1?????????????????????
? EDFA??????????????????????????????????
??????????????? 3.16?????? 1555.72nm? NRZ-OOK?????
1558.92nm???????????????????????????????????
????????????????????????????????????????
????????????
? 3.16: ????????? NRZ-OOK?????????????????
? 3.16????????????????????????LN?????? 500m??
????????????????????????????????????????
???????? 22dBm?? 25dBm???????????????????????
??????????????????????????????????? 22dBm?
????????????????????????? 500mHNLF?????????
?????????????????????????????????????? 3.17
? 3.20???????????????????????? 3.21????
 1542 1545 1548 1551 1554 1557 1560 1563
po
we
r (
10
dB
/di
v)
Wavelength (nm)
(a)???????????????
20ps/div
(b)?????????? (???
1552.52)????
? 3.17: EDFA=22dBm??????? (a)????? (b)?????????
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? 3.18: EDFA=23dBm??????? (a)????? (b)?????????
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(b)?????????? (???
1552.52)????
? 3.19: EDFA=24dBm??????? (a)????? (b)?????????
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Wavelength (nm)
(a)???????????????
20ps/div
(b)?????????? (???
1552.52)????
? 3.20: EDFA=25dBm??????? (a)????? (b)?????????
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power with 22dBm
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power with 24dBm
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? 3.21: ???????
? 3.17??? 3.20???? (a)?????????????????????????
????????????????(b)?????????? EDFA?????????
????????????????????????????????????????
????????????????????????????????????????
????? back-to-back?????????????? 22dBm?? BER=10 9????
??????????  3??????? 23dBm????????????  2.8???
???? 24dBm????????????  1.9??????? 25dBm???????
????? 1.7?????????????????????????????????
???????? 22dBm????????????????????? 26ps?? 15.4ps
????????????????????????????????????????
?????? 15.4ps??????????????????
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3.2.2 ??????????NRZ-OOK???????
??????????????????
? 3.22???????????????????????????????????
?????????????????????? 3.3????
? 3.3: ????????
NRZ-OOK1 NRZ-OOK2 RZ-CLOCK1 RZ-CLOCK2
1546.12nm 1558.92nm 1549.32nm 1555.72nm
? 3.22: NRZ-OOK?????????????????????????????
2??? NRZ-OOK??????? LD?????????????????? LN?
????????????????????????????????????????
??????AWG???????????????????????????????
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?????????????????????
??????????????????LN???????????????????
????????????????????????????????????????
?????????NRZ-OOK??????????????????????????
????? 9dBm?????????? 3.2dBm?????????????????
??????????????? 23dBm????????? 500??????????
????????????????????????????????????????
??AWG?????????????????????????NRZ-OOK?????
????????????????????????????????????????
??????????????????????????
?????????? 2???NRZ-OOK????????????? 3.23?????
????????? 3.24?????????????????????????????
????2??? RZ??????????????????????????????
?????????? RZ???????????? 3.25????500m???????
???????????????? 3.26?????????? 500m?????????
?????????????? 3.27????????????????????????
?????????OTDM????????????????????????????
??????? 3.28?????????????????????????? 3.29??
(a)? (b)????
20ps/div
(a)CH1????
20ps/div
(b)CH2????
? 3.23: 2??? NRZ-OOK??????
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Wavelength (nm)
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(b)???
? 3.28: ????? OTDM?????????????
20ps/div
(a)???? CH1???
20ps/div
(b)???? CH2???
? 3.29: DL??????????? 2????????
? 3.28?? (b)?????OTDM???????????????????????
????????CH1?CH2???????????????????????????
??????????????????????
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?4? NRZ-OOK????????????
WDM-to-Multi-OTDM??????
????
? 4.1? NRZ-OOK????????????WDM-to-Multi-OTDM???????
?????????????????????????? 4.1????????????
???????????????????????
? 4.1: ????????
NRZ-OOK1 NRZ-OOK2 RZ-CLOCK1 RZ-CLOCK2
1547.72nm 1560.52nm 1549.32nm 1555.72nm
? 4.1: NRZ-OOK?????????WDM-to-Multi-OTDM????????????
??????????????????????????NRZ-OOK????????
???????????????????????
210Gbps?NRZ-OOK???????10Gpbs?PRBS231 1??????LNM(LiNbC3
????)???????????????????????????????????
?????????AWG????????????????????????????
????????????????????????LN???????? 2??? RZ
?????????????????????????NRZ-OOK??????????
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????????????????????? 11.2dBm?????????? 2.1dBm
???????????????????????????????? 23dBm????
????? 500?????????????????????????????????
???? (2.13)??? (2.16)????????? 1550.92nm??? 1554.12???OTDM
?????????????????? 2?????????????????????
?????????WDM-to-Multi-OTDM?????????????
??????? 2??? NRZ-OOK????????????? 4.2???????2
??? RZ????????????????????????? 4.3????500m??
????????????????????? 3.27?????????????????
????????????????OTDM?????????????????????
?????????????? 4.5?? 4.6????
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(a)?????
20ps/div
(b)???
? 4.6: ????? OTDM?? 2???????????
? 4.5?4.6???????????WDM-Multi-OTDM??????????????
?????????????? OTDM??????????????????????
?????????????
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?5? ??
2??? NRZ-OOK?????????????WDM-to-OTDM?????????
????????????????????????????????????????
???????????????????NRZ-OOK?????????????WDM-
to-Multi-OTDM ????????????????????????????????
NRZ-RZ????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????? OTDM??
??????????????????????
5.1 ???????????????
??????????????????????????????????????
????????????????????????2???NRZ-OOK???????
?????WDM-to-OTDM???????????????? OTDM???????
???????????????????????????????? 3.11??????
??????? RZ-OOK? back-to-back????? 1dB????????? RZ-OOK?
back-to-back????? 1.3dB???????????????????????? 5.1?
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????? 5.1????
? 5.1: ???????????????
???? ??? [nm] ??? [nm]
NRZ-OOK1 1546.12 1546.13
NRZ-OOK2 1558.92 1558.79
RZ-CLOCK1 1549.32 1549.30
RZ-CLOCK2 1555.72 1555.71
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? 5.1: ???????????????
??????????????????????? (2.1),(2.2)???????????
???????????????????
f ? = c
 103 (5.1)
???? ??? [nm]?f???? [THz]?c???? (2.99792458108[m/s])?????
(5.1)?? (2.1)?(2.2)?????????????????
fZDW1 = 2? f2   f1 (5.2)
= 2 c
2  103  
c
1  103 (5.3)
fZDW2 = 2? f2   f1 (5.4)
= 2 c
4  103  
c
5  103 (5.5)
? 5.1????????????? (5.3)?(5.5)??????????????????
???????????????
fZDW1 = fZDW2 = f3 = 1552:533nm (5.6)
????????????????
fZDW1 = f3 = 1552:48nm (5.7)
fZDW2 = f30 = 1552:64nm (5.8)
?????? (5.6)???????????????????????????????
????????????????????????????????? 0.16nm???
????????????????????????????????????????
?????????
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?????????????????????????????????OTDM??
RZ??????????????????????????????????????
????? 5.2??????????????????OTDM????????????
? 5.2?????????20Gb/s? OTDM?? RZ-OOK???????? 20ps???
??????????40Gb/s?????????????????????????10ps
???????????????????RZ???????????????????
????????????????????????????????????????
?????????????????OTDM????????????????????
?? 16.75ps????????????OTDM???????????????????
????
? 5.2: OTDM????????
Bit rate[Gb/s] Time slot[ps] Pulse width[ps]
20 50 <20
40 25 <10
80 12.5 <5
120 6.25 <2.5
????????????????????????????? 3.2???????EDFA
???? 1dB?????????????????? 2ps??????????????
????? 3.13??? 3.15???????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????? 15ps?????????????? 3dB?
?????? 13ps??????????????-2.8dB??????? 11ps?????
????????? 1.9dB??????? 9ps?????????????? 1.7dB?
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????? 3.2?? (a)?????????
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5.2 ?????????
????????????? RZ?????????????????????CW?
???????????RZ-OOK??????WDM-to-Multi-OTDM????????
????? 5.2?? CW?????WDM-to-Multi-OTDM?????????????
???
? 5.2: CW????? RZ-OOK??????WDM-to-OTDM???????
? 5.2???????CW??????????????LD????????????
??????????????????????????????CW?????????
?????????????????????????RZ??????????????
?????OOK????????????????DPSK???OOK????????
????????DPSK????????????????????????
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?6? ??
?
??????????????????????????????? 2???NRZ-OOK
????????????WDM-to-OTDM????????????????????
????????????????????????????????????????
????????????????????????????????????????
?WDM-to-Multi-OTDM????????????????????????????
???????????????????????????
??????????????????????????????????????
?????????? OTDM ?????????????????????????
???????????????????????????????????????
????????????????????????????????? OTDM ??
???????????????????????????????????????
????? WDM-to-Multi-OTDM??????????210Gb/sWDM(NRZ-OOK)-to-
220Gb/sOTDM(RZ-OOK)???????OTDM?????????????????
????????????????????????????? OTDM???????
?????????
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????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
??????????????
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